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MEMORY CONFIGURATION 

Background of the Invention; 

Field of the Invention: 
The invention relates to a memory configuration having at 
least two semiconductor memory modules in which data are 
output and input in a manner dependent on a clock signal. 

In semiconductor memories that are operated synchronously, 
data and commands are input and output clock- synchronously 
with an operating clock signal that is present externally. On 
the one hand, semiconductor memories are known in which 
commands and data are present in a valid manner synchronously 
with the rising edge of the clock signal. This type of 
synchronous semiconductor memory is referred to as synchronous 
dynamic random access memory (SDRAM) . On the other hand, 
semiconductor memories that work synchronously are known in 
which the data are present in a valid manner synchronously 
with the rising and falling clock edges. During reading, the 
data values are valid in a manner shifted by a quarter of a 
clock cycle synchronously with an edge of the clock signal and 
during writing they are valid synchronously with the edges of 
the clock signal. This type of semiconductor memory is 
referred to as doxible data rate synchronous dynamic random 
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access memory (DDR SDRAM) . On account of the less stringent 
requirements imposed on the tolerance of the circuits, SDRAMs 
are less expensive to fabricate than DDR SDRAMs. The 
conception of DDR SDRAMs is more recent, so that their 
5 production and availability are just starting, whereas there 
is a plentiful supply of SDRAMs available in the market. 
Therefore, there is an endeavor to be able to operate system 
architectures with SDRAMs that have DDR SDRAM functionality, 
order to be able to exploit the higher data rate in DDR 
1^ SDRAMs . 

m 
ui 

U.S. Patent No. 5,971,923 describes a configuration for 

n 

C3 processing acoustic data that has a processor architecture 

w . 

U with a memory. The memory is connected to the further 
1^ components of the processor architecture via an interface 

device. The interface device serves for converting control 
signals and for the temporary buffering of data and otherwise 
controls the memory in other ways. The memory can be 
constructed from different types of memory modules that are 
2 0 operated synchronously or non- synchronously . Inter alia, 
SDRAMs can be used. 

Summary of the Invention: 

It is accordingly an object of the invention to provide a 
25 memory configuration that overcomes the above-mentioned 

disadvantages of the prior art devices of this general type, 
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which contains SDRAMs and, externally, has DDR SDRAM 
functionality. 



With the foregoing and other objects in view there is 
5 provided, in accordance with the invention, a memory 

configuration. The memory configuration contains at least two 
semiconductor memory modules, including a first semiconductor 
memory module and a second semiconductor memory module, 
1,1. controlled by internal clock signals. The two semiconductor 

•is:?? 

memory modules output or receive data only on one of a risina 
m edge and a falling edge. An interface device is provided for 
^ receiving an external clock signal and the data on a rising 
edge and a directly succeeding falling edge of the external 
Ik signal or outputs the data between the rising edge and 

^ii directly succeeding falling edge of the external clock 

signal. A conversion device is connected between the 
interface device and the two semiconductor memory modules to 
route the data for outputting or reception. 

20 The memory configuration according to the invention has two 
blocks of SDRAMs which process in a valid manner, that is to 
say input or output, which is also referred to as writing or 
reading, data only for one edge type, that is to say 
respectively only ever a negative or only ever a positive edge 

25 of the clock signal. Externally, an interface device ensures 
that the memory configuration is seen as a DDR SDRAM with 
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corresponding fimctionality . A conversion device causes the 
external commands, data and other signals that are to be input 
or output to be adapted inwardly to the requirements of the 
SDRAMs. The semiconductor memory modules and also the 
interface device and the conversion device are disposed on a 
single circuit board, a so-called memory module. Depending on 
the number of data bits to be processed in parallel, the so- 
called data word width, a multiplicity of SDRAMs can be 
connected in parallel with the at least two SDRAMs. In a 
general form, the module thus contains two groups of SDRAMs 
respectively addressed in parallel. This produces a memory 
module that, in its internal construction, has conventional 
SDRAMs that can be fabricated relatively inexpensively, but 
outwardly has DDR SDRAM properties. The module can be 
produced more simply, more flexibly and more quickly than a 
monolithically integrated DDR SDRAM. 

The clock signals that can be fed to the two groups of SDRAMs 
are shifted by 180 degrees, that is to say by half a clock 
cycle. The conversion device generates the complementary 
clock signals with a delay locked loop to which, on the input 
side, the external clock signal supplied by the interface 
device is fed and which, on the output side, forwards the two 
complementary clock signals to the corresponding clock signal 
inputs of the two groups of SDRAMs. 
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The read operation and the write operation are produced by- 
negative pulses of two control signals, namely the control 
signal for row access (Row Address Strobe (RAS) ) and the 
control signal for column access (Column Address Strobe 
(CAS) ) . As is known, the memory cells are disposed in rows 
and columns and can be selected by a column address and a row 
address determined from the address of the memory cell. The 
valid presence of the respective row or column address is 
specified by the signals RAS, CAS. 

During the reception of data or writing, in SDRAMs the signals 
RAS and CAS are present in each case on the negative edge in a 
manner separated from one another by two clock periods. In 
the DDR SDRAM, the signals RAS and CAS are present on the 
rising edge in a manner separated from one another by two 
clock periods. In SDRAMs, the corresponding data value for 
inputting to the memory module is also present, in an edge- 
centered manner, at the same time as the signal CAS that is 
valid on the falling edge. In DDR SDRAMs, during writing, the 
data are seen as valid in an edge-centered manner, the data 
being received two clock periods after the presence of the 
signal CAS on a rising edge of the clock signal. The 
corresponding conversion of commands and data of the DDR SDRAM 
protocol, according to which data and commands are applied 
externally to the interface, to the SDRAM protocol, which 
proceeds directly on the semiconductor modules on the module. 
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is effected by the conversion device. Thus, the pulses of the 
signals RAS and CAS that are applied to the interface are 
delayed by 3 M clock periods with regard to the externally 
applied clock signal and then applied to the first group of 
SDRAMs. The signals RAS and CAS are delayed by three clock 
periods and applied to the second group of SDRAMs. The data 
input externally are delayed by exactly one clock cycle with 
regard to the external clock signal for application to the 
first group of SDRAMs and likewise by exactly one clock cycle 
for application to the second group of SDRAMs. 

During the reading or outputting of data, in an SDRAM the data 
edges are present on the output side in a manner centered with 
respect to the clock signal two clock cycles after the pulse 
of the signal CAS. In a DDR SDRAM, the data are present 2 U 
clock cycles after a pulse of the signal CAS, that is to say 
in a centered manner relative to the center of a half-cycle of 
the clock signal for the DDR SDRAM. Therefore, in the event 
of a read access to the DDR SDRAM interface, the signals RAS 
and CAS are to be applied directly to the first group of 
SDRAMs and are to be applied to the second group in a manner 
delayed by half an operating clock cycle of the clock signal 
for the DDR SDRAM. For the read-out from the first group of 
SDRAMs to the DDR SDRAM interface, the data are delayed by the 
conversion device by a quarter of a clock period of the 
external clock signal, and likewise by a quarter of a clock 
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period in the case of the read-out from the second group of 
SDRAMs. 

The corresponding conversion of command signals and data 
signals is effected by the conversion device as specified 
above. The conversion device contains a changeover switch via 
which data can be input and output in the corresponding word 
width. The changeover switch has the function of a 
multiplexer or demultiplexer. The common terminal of the 
changeover switch is connected to the interface device, and 
the alternately drivable outputs of the changeover switch are 
connected to the respective data terminals of the different 
groups of SDRAMs. The changeover is effected in a manner 
dependent on the delay locked loop for each level change of 
the clock signal fed in externally, that is to say with twice 
the frequency of the clock signal fed in externally. During 
reading and writing, the data are combined from the two groups 
of SDRAMs or shared between the two groups in such a way that, 
seen from the external interface, data of the first group and 
of the second group alternate with one another. 

The DDR SDRAM access protocol provides for the read- in and 
output data to be validated synchronously with a sampling 
clock. The clock signal to be generated is referred to as a 
so-called data strobe signal DQS. The conversion device has 
such a DQS signal generator. During reading, data and the 
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signal DQS are generated in such a way that an edge of the 
data signal which represents the data value to be output is 
oriented to an edge of the signal DQS, and that, during the 
writing of a data value, one of the logic signal levels of the 
5 data signal representing the data value is oriented to an edge 
of the signal DQS. The meaning of the signal DQS is known in 
the prior art and described for example in the literature 
reference Design Line from Micron Technology Incorporated, 
Volume 8, issue 3, 3rd quarter 1999, entitled "DDR SDRAM 
1|| Fimctionality and Controller Read Data Capture", 



pi 

If accordance with an added feature of the invention, the 

g conversion device has a delay locked loop with an input side 
^ receiving the external clock signal and an output side 
1^ outputting the complementary clock signals functioning as the 

internal clock signals. The delay locked loop is connected to 

the interface device. 



In accordance with an additional feature of the invention, the 
20 conversion device has a command decoder for detecting a 

command for receiving data. The command for receiving data 
contains at least two signal pulses present on the rising edge 
of the external clock signal. The command for receiving data 
is forwarded to the first semiconductor memory module in a 
25 manner delayed hy 3 % clock periods of the external clock 
signal and is forwarded to the second semiconductor memory 
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module in a manner delayed by three clock periods of the 
external clock signal. 

In accordance with another feature of the invention, the 
command decoder detects a command for outputting data. The 
command for outputting data contains two signal pulses present 
on the rising edge of the external clock signal. The command 
for outputting data is forwarded to the first semiconductor 
memory module in a manner delayed at most by one clock cycle 
of the external clock signal and is forwarded to the second 
semiconductor memory module in a manner delayed at most by 1 
clock periods of the external clock signal. 

In accordance with a further feature of the invention, the 
command for receiving data contains the two signal pulses that 
each have a low level and are centered with respect to two 
rising edges of the external clock signal that are separated 
by two clock periods. 

In accordance with another added feature of the invention, the 
interface device has a data signal terminal. A first data 
value to be output or input at the first semiconductor memory 
module and a second data value to be output or input at the 
second semiconductor memory module are alternately present at 
the data signal terminal of the interface device after every 
half clock period of the external clock signal. 
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In accordance with another additional feature of the 
invention, the conversion device contains a signal generator 
for generating a clock signal whose edges are oriented to 
edges of a data signal during a data outputting and which has 
edges which are oriented to a binary signal level of the data 
signal during a data inputting. 

In accordance with another further feature of the invention, 
the conversion device has at least two further memory modules 
for storing a respective further bit of a data word. One of 
the further memory modules is connected in parallel with the 
first semiconductor memory module and another of the further 
memory modules is connected in parallel with the second 
semiconductor memory module. 

In accordance with a concomitant feature of the invention, the 
command for outputting data contains the two signal pulses 
that each have a low level and are centered with respect to 
two rising edges of the external clock signal which are 
separated by two clock periods. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in a memory configuration, it is nevertheless not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings • 

Brief Description of the Drawings: 

Fig. 1 is a block diagram of a memory module containing the 
memory configuration according to the invention; 

Fig. 2 is a diagram showing signal profiles during a read 
access; and 

Fig. 3 is a diagram showing signal profiles during a write 
access . 

Description of the Preferred Embodiments: 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a 
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memory module 1 that contains two groups of SDRAMs 2 and 3, a 
conversion device 4 and also an interface 5. The interface 5 
has a terminal 51 for a clock signal CLK, teinninals 52 for 
commands, terminals 53 for data inputting and data outputting 
and terminals 54 for a data strobe signal DQS. The clock 
signal CLK is a clock signal that controls the synchronous 
memory operation. For command inputting, different 
combinations of signal states of the row address strobe signal 
RAS, of the column address strobe signal CAS and of a 
write/read signal WR are evaluated. One or more terminals are 
available for data DATA in accordance with a word width. The 
signal DQS at the terminal 54 serves for validating the data 
to be written or to be read which are present at the terminal 
53. By way of example, the module 1 is inserted into a slot 
of a computer whose bus operates according to the DDR SDRAM 
protocol. The bus and all the terminals 51, 52, 53, 54 are 
driven by a memory controller. The command, clock and data 
signals which are present with DDR SDRAM functionality on the 
bus side at the interface 5 of the module 1 are converted by 
the conversion device 4 in such a way that conventional SDRAMs 
2 and 3 can be addressed. 

In accordance with the word width of the data DATA fed in at 
the terminal 53, a number of SDRAM memory modules identical to 
the number of terminals 53 are provided in each case in the 
groups 2 and 3. All the SDRAMs of the groups 2 and 3 are 
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addressed in parallel. The groups 2 and 3 of the SDRAMs are 
addressed at their respective terminals 21 and 31, 22 and 32, 
and 23 and 33, with clock signals CLKl, CLK2, commands RASl, 
CASl, RAS2, CAS2 and data DATAl, DATA2 . 

The conversion device 4 that converts between DDR SDRAM 
functionality and pure SDRAM functionality has a delay locked 
loop 41, to which, on an input side, the clock signal CLK is 
fed and which, on an output side, generates the clock signals 
CLKl, CLK2, which are complementary with respect to one 
another* The conversion device 4 furthermore has a command 
decoder 42, which is connected to the terminals 52 and 
converts corresponding commands for reading, writing, refresh, 
standby state, etc. in a manner dependent on the signals fed 
to it. The command signals for writing and reading are of 
particular interest in the present case. A buffer memory 43 
serves for buffer-storing the commands detected by the command 
decoder 42 and delays the signals for RAS and CAS, as 
explained below in connection with Figs, 2 and 3, for 
forwarding to the SDRAM groups 2 and 3. Furthermore, 
comparable to the buffer memory 43, an address buffer is 
provided in order to convert and forward in a correctly timed 
manner the addresses - applied via the interface device 5 - 
for the memory cells to the SDRAM groups 2 and 3. What is 
essential is a multiplexer and demultiplexer 44, which 
connects the data terminals 53 of the interface 5 to the data 
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terminals 23 and 33 of the SDRAM groups 2 and 3. The 
changeover switch 44 operates bi-birectionally . It changes 
over between the SDRAM groups 2 and 3 in each case alternately 
during write and read operations, in order to generate or tap 
off at the output 53 a sequence of data values which can be 
assigned alternately to the SDRAM groups 2 and 3. The 
changeover switch 44 is to be switched either into one 
position or into the other position for every half clock cycle 
of the external clock signal CLK, so that the terminals 53 are 
alternately connected to the terminals 23 and 33 in accordance 
with the double DDR SDRAM data rate. The data values are to 
be delayed, in a manner that will be specified in more detail 
in connection with Figs. 2 and 3, during reading and writing 
by different proportions of a clock period of the external 
clock signal CLK. Therefore, respective data buffer memories 
45 and 46 for buffer- storing a data word are connected into 
the signal paths between the changeover switch 44 and the 
SDRAM groups 2 and 3. The buffer memories 45, 46 are 
controlled cyclically by clock signals correspondingly 
provided by the delay locked loop 41. 

The time sequence of data, command and clock signals during a 
read access is illustrated in Fig. 2. A read access is 
communicated to the module 1 externally by negative pulses of 
the signals RAS, CAS on rising edges 61, 62 of the clock 
signal CLK which are separated from one another by two clock 
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periods. The clock signal CLK is also applied simultaneously 
to the SDRAM group 2 . The data values DATA are then tapped 
off at the output terminal 53 in a manner delayed by 2 M clock 
periods. The data values DATA each have a bit 64, 65, 66, 67 
which is provided alternately by a signal DATAl of the SDRAM 
group 2 or by a signal DATA2 of the SDRAM group 3 . The data 
bit 64 and also the further data bits during a read operation 
in a DDR SDRAM are present in a valid manner synchronously 
with the center of a clock pulse, e.g. 63, of the external 
clock signal CLK. 

The read command applied externally to the module is forwarded 
to the SDRAMs 2 without any delay. Therefore, the signals 
RAS, CAS at the terminals 52 are forwarded as signals RASl, 
CASl to the SDRAMs 2. This is done without any delay in Fig. 
2. For the technical realization, if appropriate, on account 
of the signal and processing times within the conversion 
device 4, in particular in order to comply with setup and hold 
times, it is necessary to include a delay by one clock period 
of the signal CLK. Such a delay is not illustrated in Fig. 2, 
for simplification. Once the signals RASl and CASl, pulse- 
synchronously, the associated row and column addresses have 
been applied to the SDRAMs 2, a data value 64 » of the data 
signal DATAl is available at the SDRAMs 2 after the pulse CASl 
in a manner delayed by two clock periods, synchronously with 
the edge 68. Since, in accordance with the SDRAM 
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specification, during reading, a data value is present 
synchronously with the rising edge, e.g. 68, but for DDR 
SDRAMs a data value is present synchronously with the center 
of a clock pulse, e.g. 63, the data value 64' output at the 
SDRAMs 2 is to be delayed with regard to the clock signal CLK 
or CLKl by a quarter of a clock period of the clock signals. 

The commands RAS2, CAS2 and the corresponding row and column 
addresses are to be fed to the SDRAMs 3 synchronously with the 



M rising edge of the clock signal CLK2 in a manner separated 

from one another by two clock periods in each case. 
i§ Proceeding from the commands RAS, CAS applied externally to 

k 

P the terminal 52, the pulses RAS2, CAS2 are delayed by half of 
a clock period with regard to the external clock signal CLK. 
In order to take account of setup and hold times, as already 
explained above, it is necessary to insert a delay by a 
further complete clock period. Relative to the clock signal 
CLK2, a data value 65' read out from the SDRAMs 3 is present 
on the rising edge two clock periods later. It is to be 
delayed by a quarter of a clock period in order to be able to 
be output as data value 65 in the data signal DATA at the 
terminal 53 of the module 1. 

The delay of the data values 64' and 65' by half of a clock 
25 period is affected by corresponding addressing of the buffer 
memories 45, 46. The connection to the output terminal 53 is 
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effected by a changeover of the changeover switch 44 for every 
half -clock period of the signal CLK. 



m 

^3 



mi 



. 55? 



The write operation in Fig. 3 shows the signals RAS, CAS on a 
5 respective rising edge of the signal CLK. Row and column 

addresses are applied at the same time as the negative pulses 
of the signals RAS, CAS. The distinction between reading and 
writing is controlled by the signal WR fed in at the terminal 
1?^ 52. Data bits 74, 75, 76, 77 for the data signal DATA are 
is present at the data terminals 53 of the module 1 with the 

rising edge in a delayed manner two clock periods after the 
application of the signal CAS. The write command and the 
corresponding column and row addresses are communicated to the 
|;|, SDRAMs 2 in a manner delayed by three full clock periods of 
the external clock signal CLK. In accordance with the SDRAM 
functionality, the data are to be provided synchronously with 
the row address pulse CASl. The data bits 74 are therefore to 
be delayed by one clock period of the clock signal CLK and are 
to be fed as data bits 74 ' synchronously with the pulse CASl 
20 to the SDRAMs 2 . The delay is affected by the buffer memory 
45 and the suitable clock driving derived from the delay 
locked loop 41. 

Row and column addresses are fed to the SDRAMs 3 synchronously 
25 with the row and column address pulses RAS2, CAS2 which are 
generated from the externally applied row and column pulses 
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RAS, CAS and row and column addresses through a delay hy 3 ^ 
clock cycles of the external clock signal CLK. The data value 
75' is thereupon present at the data terminals 33 of the 
SDRAMs 3 synchronously with the column address pulse CAS2 , 
5 The data bits 75' are obtained from the data bits 75 of the 

data signal DATA present at the terminal 53 through a delay by 
a full clock period. The delay is affected by the buffer 
memory 46 by suitable clock driving, 

H 

■ M As illustrated above, the invention makes it possible for the 

. m 

module 1 to have, seen externally via the interface 5, the 
0 functionality of a DDR SDRAM, while conventional SDRAMs are 
Q used within the module 1, the conversion between DDR SDRAM and 
>^ pure SDRAM functionality being affected by the conversion 

1^ device 4 . 

Mi 

ly 

The conversion device 4 furthermore has a conventional signal 
generator 47 for generating a clock signal DQS, which is used 
in DDR SDRAMs in order to specify the temporal validation of 

20 the data present in the data signal DATA. The meaning of the 
DQS signal and the relative phase angle thereof with respect 
to the data to be read or to be written is specified on page 5 
of the above-mentioned literature reference in Micron Design 
Line. During reading, the edges of the signal DQS are 

25 oriented to the edges of the data DATA. During writing, the 
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edges of the signal DQS are oriented to the center of a pulse 
of the data signal DATA. 
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